ABSTRACT -Chromosome studies were performed in V. champinii, V. cinerea, V. girdiana, V. labrusca, V. rotundifolia, V. rupestris and V. vinifera with the purpose of species characterization using chromosome morphometric data and NOR banding. A median ideogram was obtained for each species. The karyotype formula obtained varied from 7m + 12sm to 9m + 11sm. The species showed moderate chromosome asymmetry values according to TF% form, Stebbins, Romero Zarco and Paszko indices. V. champinii and V. girdiana were apart from the other species by CVcl and CVci graphic representation and also formed a group apart in the dendrogram based on Euclidian distances. The chromosome pair number 3 harbors the secondary constriction and a satellite segment in all species analyzed with Giemsa staining and it may be the same observed after NOR banding technique. It seems that the process of speciation in the North American Euvitis species studied involved some discrete changes in chromosome morphometry which have been reflected in the asymmetry index. Index terms: karyotype, NOR-banding, mitotic chromosomes, Vitis, Vitaceae.
INTRODUCTION
Vitis L. (Vitaceae) is an economical important genus of wide geographical distribution over lands of the North Hemisphere (North American, European and Asiatic groups). The southeast region of North America is especially rich in wild Vitis species (OLMO, 1979) . The Old World V. vinifera is undoubtedly the most important species and its ancient culture has given rise to thousands of different varieties adapted to different regions and soil, not only in temperate lands but also in subtropical and tropical ones where the grape culture has been growing very well. Though not holding the same importance as V. vinifera, some of the wild grape species such as V. rupestris or V. rotundifolia, for instance, have been used as rootstock to select V. vinifera varieties. Others such as V. labrusca are employed in breeding programs resulting in many cultivars cultivated as table grapes in Brazil or employed in the juice industry (SOUSA, 1996) .
Vitis classification is still a controversial subject, especially concerning American species, where number of valid species varies according to the author (SOUSA 1996; ALVARENGA et al., 1998) . The genus encompasses approximately 60 species which is divided in two sections, Euvitis and Muscadinia according to chromosome number and N. I. PIEROZZI external morphological characteristics (SOUSA, 1996; .
Even though Vitaceae is not considered a large family, less than 7% of its 945 species have the chromosome number determined and less than 1% of these species have some information about chromosome morphology (GOLDBLATT; JOHNSON, 2006) . The first chromosome count in the genus Vitis was done by Ghimpu, in 1927, who established 2n=38 for V. vinifera (cited by OLMO, 1937) . Since then, cytological work on grapes have been predominantly centered on the detection of chromosome number. Moreover, little is known about the interspecific genomic affinities of Vitis by cytological comparative studies (ALLENWELDT; POSSINGHAN, 1988; VILJOEN; SPIES, 1995) . Some attempts towards Vitis chromosomal characterization were carried out by some authors who tried various procedures to get a satisfactory chromosome spreading and staining for chromosome characterization (RAJ; SEETHAIAH, 1969 SEETHAIAH, , 1973 MARTENS; REISCH, 1988; PATIL; PATIL, 1992, for instance) . Despite efforts, all of these authors were unanimous in their conclusion that the species had very small and numerous chromosomes. Knowing these difficulties and also that the karyotype analysis is a useful tool for characterizing germplasm, chromosomal studies were carried out on seven Vitis species by employing NOR banding and Giemsa staining techniques in an attempt towards species characterization, aiming at further knowledge on a possible relationship among them at chromosomal level, therefore amplifying the chromosomal data on the Vitaceae family.
MATERIAL AND METHODS
rupestris Scheels and V. vinifera L. were employed in chromosome studies. The especies belong to the Vitis collection of the Vegetable Genetic Resources data Center at the Agronomical Institute of Campinas -IAC (CPD Recursos Genéticos Vegetais-Instituto Agronômico de Campinas). Roots from rooted hardwood cuttings were collected, pre-treated with a saturated solution of para-dichlorobenzene at 16° C for 3 hours, fixed at 3:1 (ethanol and acetic acid, respectively) solution and stored at -20° C until the cytological analyses. Fixed roots were softened in pectinase/cellulase at 37° C for 1 hour and then squashed in 45% acetic acid solution. Some slides were stained with a fresh 2% Giemsa solution for 2 to 5 minutes at room temperature, dried and mounted with Permount (Fisher).
The mean values were calculated for the total haploid chromosome length (THCL), the longest (L) and the shortest chromosome (S) length, the ratio of the longest to the shortest chromosomes (L/S), the difference between the longest and the shortest chromosomes (L-S), the average chromosome length in the metaphase (χm) , the average of centromeric indices and the karyotype asymmetry index TF% (HUZIWARA, 1956) for each Vitis species. The centromeric index was calculates according to Levan et al. (1964) .The F-and Tukey-tests were applied onto the karyomorphometric data. The species were also analyzed by other three karyotype asymmetry indices, Stebbins (1958) two-way system, Romero Zarco (1986) intra (A1) and inter chromosomal (A2) asymmetry, and by Paszko AI (2006) which comprises coefficient of variation of chromosome length (CVcl) and of centromeric index (CVci) with the purpose of verifying which one distinguish in a better way the species. The Karyotype formulae and ideograms for each species were obtained by using chromosome measurements. NOR-banding were performed according to Howell and Black (1980) to visualize the nucleolar regions which were active in the last interphase.
RESULTS AND DISCUSSION
The karyotype analyses performed in the seven Vitis species studied were useful for the genome characterization mainly among American species of Euvitis section which have shown the same chromosome number. It was possible to observe differences among them through chromosome morphometry criteria (Tables 1 and 2 ). The karyotype formulae were 7m +12sm for V. champinii, V. cinerea, V. girdiana and V. labrusca, 8m + 11sm for V. rupestris and V. vinifera, and 8m + 12sm for V. rotundifolia (Table 2) .
The species showed a moderate karyotype asymmetry and among the four indices, Paszko index showed the best species separation with a better dispersion (Figure 1) .
Observing the graphic representation V. champinii and V. girdiana were apart from the other species which formed a closed cluster. The pattern of dispersion of the species studied showed many similarities with the dendrogram obtained based on Euclidean distances (Figure 2) . It is possible to see two main basic clusters in the dendrogram using karyological data. One of them comprised V. champinii and V. girdiana and the other comprised the remaining species. According to the dendrogram V. cinerea and V. rupestris showed the closest affinity when compared to the others. V. champinii is a KARYOTYPE AND NOR-BANDING OF MITOTIC CHROMOSOMES OF SOME Vitis... species with a contradictory taxonomic position. It was firstly described as species and later was considered as a natural hybrid between V. candicans and V. rupestris (MOORE, 1991; SOUSA, 1996) . The karyomorphological data obtained for V. champinii and V. rupestris have shown significant differences between them, supporting more V. champinii classification as a species than a hybrid. This species also showed a more asymmetric karyotype when compared to V. rupestris (Table 2 and Figures 1 and  2 ) suggesting that this species have appeared first than V. champinii.
Although V. rotundifolia has been characterized by a different chromosome number, this species showed some similarities with V. cinerea and V. rupestris which was characterized by lower values for CVcl, A2 and Paszko AI which pointed to a less asymmetric karyotype. These species grow well in moist to dry (REISCH; PRATT, 1996) . Though V. vinifera is a species native to European continent it presented some similarities with the American wild grapes studied through chromosome morphometry. However, at molecular level the use of single nucleotide polymorphism (SNP) in grapes has shown differences among some Vitis species including V. labrusca (MYLES et al., 2010) . V. vinifera seems to be a species with karyotype polymorphism among its varieties, as inferred after comparisons between the present results obtained for 'Italia' variety to the others obtained for different varieties cited in literature (TAKUSAGAWA, 1952; RAJ; SEETHAIAH, 1973; PATIL; PATIL, 1992 , for instance). Variations in chromosome measures and centromeric position which result in different degrees of karyotype asymmetry have appeared in other cultivated plants such as reported in diploid cultivars (2n=60) of Agave tequilana (PALOMINO et al., 2008) or in some genotypes of sweet pepper Capsicum annuum (RO-HAMI et al., 2010) , for instance. It seems that these karyological differences among varieties/genotypes within the same species may be a consequence of discrete quantitative genomic changes due to small chromosomal rearrangements which could be raised by natural or mainly by artificial intercrossing among varieties allowing them to a better adaptation to the soil and the climate in the regions they have been grown. In fact, since Vitis is a millenary culture as reported through archeological findings (MITANI et al., 2009) , it is predictable some degree of karyotype variation among the varieties, although these variation have not impeded many inter varietal crossings which have resulted in fertile hybrids used in breeding programs (POMMER, 2009) .
The occurrence of a larger secondary constriction observed in V. champinii and V. girdiana could be associated to a higher requirement of ribosomes for their growing and fructification in an adverse condition of less water resource in the drier environment they occur since they have shown higher drought tolerance when compared with the other species studied (REISCH; PRATT, 1996; PADGETT-JOHNSON et al., 2003) .
It was seen one chromosome pair with a terminal NOR band after silver impregnation. This pair must be the same seen with secondary constriction and satellite segment at the end of long arm after Giemsa staining. However, there are reports about vinifera varieties showing not only one, but also two or up to three chromosome pairs with sc and sat with different sizes (TAKUSAGAWA, 1952; RAJ; SEETHAIAH, 1973; PATIL; PATIL, 1992 , for instance). In populations of Vicia hybrida, for instance, the number of chromosome carrying sc and sat segment varied from 1 to 3 pairs (VENORA, et al. 2008) .
These variations within the genus Vitis until now exclusive to V. vinifera species could be interpreted as a consequence of unequal translocations between one chromosome pair with sc and other pair without sc site. Moreover, it seems that the artificial and preferential crossings between cultivars for improving plant yield may allow or make easy asymmetric rearrangement events which can lead to enhancement of the NOR numbers. The karyomorphometric data and NOR banding recorded for the seven Vitis species analyzed, suggest that during the species diversification process the differences among them may have taken place at gene level, or at heterochromatin composition or still at chromosomal level expressed as variations associated with chromosome length probably reflecting losses of DNA segments in some of them or gains of repeated DNA segments in others.
TABLE 1 -Mean values for total haploid chromosome length (THCL), the longest (L) and the shortest (S) chromosome length of the genome, for the longest to the shortest ratio (L/S), the longest and the shortest difference (L-S), the longest (L%) e the shortest (S%) chromosome length expressed as percentage and the average of centromeric index (x CI) for Vitis species. KARYOTYPE AND NOR-BANDING OF MITOTIC CHROMOSOMES OF SOME Vitis...
CONCLUSION
The chromosomal information obtained in the present research allowed species characterization and separation; and increased the knowledge for the genus and for the Vitaceae family since few species have been characterized by chromosome number and very few of them have a karyotype established. The data also may be used together with other grape approaches to the betterment of the comprehension of evolutionary tendencies into the genus.
